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399106611 I 319 'd© 61§^699, 949^99^9-06901 
99 9060 000 060 1 696 '<10.0.0.0 09906 031- 

00 <U. 

031 96 3610 9*19-909101 990 099 9019 9060 

d- <1 00 o — 1 

09Q6H0 1 63£90°00,G 00931 900^0.0.9.099190 
339 6001 ! 310611- £ 60 60690 000 '<10.0.0. G 
63£6Q 94960 3*13^361921 9^60000° 9319 02 1 

"<10.0.0.0010 60 9001 960 91’ 9960 36913 
9910.60 20931 00 33 009I0£19I "d0 01316100 
930 990 1 63961 (613$$) 690 640 G 20931 600 
3616 003160 U0I 316010 33 00I9I09I00I I "d2 
"<10.0.0.0 9%0 949210 31*16160 9£91931 6® 300 
G 906961 3996 90 "d09°61 6101010 900 9010 
31000 000 091 0091069 6910 3611 0019192 I 

"<1990 90310 63196160 01$ ^0. 0.0.0 
99190 00, 6216010410,393 020 I 0I0MQ3IQ 0 
6991 0030 ‘3930’ 6910 63 6910 30161 0020 I 
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96Q&Q, 9o 



01 Q 611 e 





0©S0 g699 006T-6§dH ( x) 


9*10-0091210013 


3960120 


~1 .4ev6> 7600 (A°) 


GaAs,AI GaAs 


6020 


~ 1 .92ev 6100 <6 < 7600 (A°) 


Al GaAs, GaAs P, Ga P 


20631 


~ 2.08ev5700 <6 < 5900 (A 0 ) 


GaAs P, Ga P, Al Ga P 


990 

OU 


~ 2.19ev5000 <6 < 5700 (A 0 ) 


Ga P, Al GaP, InGaN, Ga N 


010 


~ 2.88ev4500 <6 < 5000 (A° ) 


In Ga N (0^0-011000-000100,) 


369109611 


~ 4ev4500 X < 4000 (A° ) 


Al GaN, Al N 



1 A° = aiCT§Pl0l 1 O- 8 69300Q; ev = Q600,6!0, 69IG}0 - 6100 ^00; 
Al :310009ft; N:0I0§00,; P :0q00^; As:3l6900,; Ga :0HI09fl 



^0.0.0. 9H92IQQ 90010 3600 I ^0.0.0. 
90,9 ^0 09 Q3I 9H92IQ 9069191 02016960 
6016069^ 909 9<S190IQ 6 9I£JIQ61 01091^, 909 
019 ^0 0010 Q3I 09H3 010 008IN I 'dffl.Q.©. 
99H0000 00001 0010919 316010 9^60069100 
00^1016060 9IUIQ6I 90,9 010 tf 919 069100 
006JN 1 600 9^100 909 ^o,i)o0ieoo QI^SQ 
00gl9l 6960, 6<erj696Q^ 90,9 ? o 0 £o Qig (3 
^0.0.0. 90,9 0 ? o Q|0 0^160 003M I 0100 

^0 QI090 99691660 ^0.0.0. 909 «no o 0600 
(0600 9^0010 ^00) 9^001 3910 00^1916960 
66^60690 909 9 o 0600 G 9I£JIQ61 909 010 
e 9 06003103 0910 0Q3M I 6066 ^0.0.0. 9090 
9190010 9H92IQ 99H0, 9° 096160 30H3 99190 
609 I ^91001 9%. 3£J0 60109 0*1 99H000 
69191091 909 609 6 90010 0£I916Q 99H0, 
3160100 9^0 £191 060 6010^ 6010 6010 0000 
6069 I 30H096Q 99H0,61@ 9QI90 g§9l0 9§ 
€29£I9I 3010000 g996l 0*1 019609 I (69I6KI 
31000 309191 ^0 060I-(^I0, 99H0,61§ 0QI9060 
g99^o ^0 36T 10 9§60I03N) I ^0.0.0.09^061 
31010 0*1 900 910; gi9 -£ 00000 1 OT00 0*1 
0106060 90-00000 I 6210 3100 6910 
691060 90060 9°99 0019 100160 1 ^0 ^0.0.0. 
90,96p0 0^909 0*160 9I0R9 36^30,09910060 1 
^000 0*1 ^0 6960Q0 gi9 90000100 0160 91 
^0 006^6960^60 039^)00 999 003 M 0.0.0. 



316010 0*1 09,0100 I 0010 9^ 6990 £1910 69960 
03191 00160 03T 0109 10 99 03KI I ^6\.0.0.Q0*J 
3160 310 02109160 990 000 316019 01001091 1 
^2 96\9009 92H 301060 0*1 010 910 9133 02 I 
^299 99dl 93Q 990 69060 310 ^0.0.0.6000 

oL. oL o oL (\ — 1 ou* 

990 9H92IQ 69^910 060 931 600900 6 ^.9. 
00HI960 06010, 91960; 6981100 93010, 6Q0G, 
600900, 031, 00 90 996; 060IQ 90006160; 
9191, 6006^90, 69100, 9010, 0(0°g0 031 0190, 
31601091960; 600,000, 90I0 00HI960; 3^010 
91090 01*1060 Q00 9001 3l9l0-g9l06Q; 990 
69060 96R90 (Sensor) 91960 031 0HI600l6Qq 
91960 N d00009H90IQ 33901 ^20 9F100 060 1<5 
(Culture Chamber)60 9H92IQ 001910 99990 
3160106^96160 6*19210 0019192 I 

0399003^0 90000HI610I01 9^206292 
36010 90 0£01Q 060060 *101 ^0.0.0.0 6*1929 1 
'<10.0.0. 909 0000 9000H 99010 010° 9190010 
9H92I0 69060 g*JI0 00990 9I0£I60 0*1 
g9§99HI0^0 000 '<12 909HIQ 06*0 901*110 390 
999H0S0 691910699 1 69606960 £^09106900 
“9990 0260 316010 00. G 316010 0001” 9@00 
9I0I0H 99600 0619 029 69, “99910 0260 
316010 00.G '<10.0.0. 0001“ ! 

■ 

9113,1 99l<3, $19 S' IQ, Q969$Q 
691I9IQQ - C , C ,c n9J>9X&o$ 
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' Q 6 £ r < 3 Q QGfl’ol QQ QQ 0 I 
~& 0 Q QIQtlQ 0 /f? 

96€1 6 990 Cg 3$ ? o o 09631000013961 

31910 00139 6030160 012 i 60 £i 0 icf sepias 02 

91 096®I6<4IEI (microscope) 94921090919 96© I 
0ldl061©8 ^2 020 949210 9916969 ^9 9061 

01210460 0300$ 930 0*1 600 316010 03 63061 

90919 03I0MI 969 01019 99919 (lens) 3101 
600IOMI "<]0 3^0160 316919 0$ 949210 99 
019 3139 6901919 0 £191 0§)[00§) 99139 9§ 
96169 9019 6©3 0^ I 6©6M2 19 316919 Q0910 
(optical) 01960116^110 (microscopy) 9019 N I ^0 
6^009 SI09 949210 90 91998il0, 969999, 
09OI9Sil0 60069000 999390160 0991 1 6069 
^0 999 90019 ^9 9101 902 I Qldl 96108 316919 
949210 90£I9I 36(9106190 o.9 0196011000 019 
0^00 9019109 96990 9091 909 0601 606[ 
69100 996961 931 0196019^31, S040O1O 6910 
6 94169*031 90419 99G 30 90 n 0 3q©l9, 
01066116^16(60 994010 62Q£I60 6069 0^010 30 
G 9010 00 901910 ^2 30910060 693620 0£9I I 
^2 9^06001 ^T9 c n 099160 ^460^ 3169,9 
09100 90£I60 I 90l01g0 60I0°690,0 0IGJ 3)0, 
00,4040,39,9I0G900IG\6060§0 §910,629,, 
31600910 9l06r43lg0 ^10,691© 939941000 
99 900, 60M061 ^9° 99031^0 ©1(3 1© 20^ 
600919, 90^040,9 ^09, 690,03032660 969001 
90 ^2 91019 30610 90291 60£[0IQ 690109 
00699 ( 9 o ? 0021)0 00O0 9S060 6069G\ 

006U0 019° 060 1010 9010192 I 

^09, 690,961 0@0I§ 31600910 310,3190 
0160 ?CJ>o 002160 ©33261 90£I60 I SCTT 

- 2S1I2 261® 




^90 6261961 §912, 6261 9900,0 60N2Q, 



002160 00910 9609, 030041000 60 0190 
0^0,.©. (Ph.D) 001 919 90£I60 I 0°3© 60 2IQI0 
26(0 600919, 90,§040,0 016 0 0 31 010 000 
916100010000 ©I960 39gl0© I 

Q9O0, 60N06) 9?#^ 0Q2I60 0@0I§ 
31600910 3,91^0,0160 0^0261 90£I60 I 60 0190 
I'd©,.©. 001 ? C 1 r 9 0Q2I60 00 ©10 9649, 
939941000 2I09 90£I60 I 90010 60 O@0I§ 
316009160 210 60100 00100 9SI0 36900 

031 <3.10,6010, 939941000 060101610 0013 98il0 
36000 9169 393100 I 

00101 69SI00 §910, 626\ 60010310 31010, 
0160 9 C i> 9 002160 0^919 90£I60 G 9 ddo 
002160 0000 266993 9^9941000 9^0,.©. ©6)1 
2109 00£I60 I ^69 60 0l€J qjO, 90,§040, 30, 
99GO00I3690§<0 0960^,0 631 2609901© 000, 
94100300000,^040,0 991010 004 1 

30913 (fluorescent) 36[0I0 949210 90 
606160 3691910 36J918&02 (optical microscopy) 
9 £8109 ^9 0©0 0000 0^19 60919 003" 

oC oC OC 

621922 1 ^£1019° 600160 g©2060 3192110 9022 
063 96^ 6]0©3 I 

e. QQia© §§Q€l §101 (stimulated 
emission depletion) 

213103160 2 ^1^3330^ 06t9 < 60 0090^1 
0109091 390060 ( 9 C C6n) §690,62G\O 009 

m 



96©&Q, 9o 



'QQ 3flffl10 ®8ldl0l0 8®£]®l I 981301^ 060 ®I«J. 
$?9ig 0060630 94900 8006^90991180060 
969991 ®0£I9I 6^81100010® 908 GISH 00910 
Q6£l l<51 0001 I "^£160 690160 g0®ig918 391010 
949010 00 01960190 08 §2 3°90 9® 060100 
®9£J60 I 6OG\0I® 300 000 9®ldl0l® 991969 I 

690 90960 63 81991® 91969 69 
6^811000160 60199 9©g 3°90 3093 91991 919° 
66fl6069^ (fluorescent) 39 949010 099 1 99099 
000 : 60199 DNA 390 66^6063^ 30081 
(fluorescent antibodies) 3°69I0G 6019 0I0£I9I0, 
69606960 ^0 9°60l®0 6019® 31601® 9$ 3jJI9l 
96900 0919 N, "^01 09 83903 3103^80 0^ 6 
'del 6090 66^6963^9099169 19 339 6OI0G1N I 
609 601613 ^0 399 39§0 01991 919° ^0 30199 
30981 949010 ^191 ^01 33999 6OIQ0I0£I8II 
6^811080160 DNA © 3998988 89G 0106016313 
0101 60^019^160, 00 60l93 69I6KI DNA ®<381 
69^91 010° 380 6010 019 0 £160 I 

09 36TI0, 60®, 96900 9 ®99 (stimulated 
emission) 98969 3990 6091069 3999 06069 
'd® 01601 0008993 3160109 900 (nano 
flashlight)© 949010 OI®l 90691® 303410 90ldl0 
0910100199 I 69603,96900 9 $09 949910 09 
6^811000160 66^6963^ 39900 3990 (quench) 
®99I0£J60, 609 630160 ^0 3010 6009 9^0 
39900 9069 001091 9069 00,8913 399000 
630481019 010 38019 6010901 1 3 C 4 C K 099160 
§910, 0199 ^0 96909190 38960 0190 00100 
301© 060 81010 90100 9g0 © 0130 (Stimulated 
Emission Depletion) 001901 1 "<103910160 '30 301© 
6000 0^10 00,3 (Pulse) 309 63)6069^ 390 
96900 060 08 301® 6000 0^609399000 



60§19 31909 ^0 0160100 0 00 0363600 3S100 
0 09304 3900® 3®00 06© I 

^0 ®09 3019® 600® ©|® ' ^0 0Q0I 0£J60 
3699 0010 0900 3160100 01010 30190 ©I960 
01091 0101 630160 "^0 301® 308^910910 380 
601® £16® I 004698900 §910, 60® ^0 381860 
90010 606® 68 3q®l6\ 01060163360 96090 
60l©3 083 003101 0960 310198 010 I 63 01® 
3® ®0,§®4g 39, 90G6®l®0l® i 6®0§60 68196991 
060 63 "^9 98100 9899 0130 01063166130310 
06®, 8101 0101 63£I60 E. Coli 94163931 00 8® 
019® 693910 380 601® 0106® I 09"© 304 
0106316^30191 "491 33900 6900I00£I®I I 

9. ><l©®a$fllQ6gKua (single molecule 
microscopy) 

3ldl0908 0131800 08060 6^811000160 
0808 3901009 3969199 (absorption) G $?913 
(fluorescence) "^0 9096030910 008 NO 0080 
691®^ 390 01010 10 3969199 G 60^60630,30 
0109160 380 6019 0108 010 I 08 ? C T C 050160 
60100 60988 0£I910 330 698110® 68 0 609® 
69I6N 390 9® 3969199 01091 010° 380 
6O00I0£K® I 

60109 60169300310 96001 60180 9^0® 
98110191060 010 001696® 60^6069^,60® 0180 
"^8 3010 398 6gi60,® 2y9l 00 0I0£I6® I ^Ol®©! 
6919 09<g 304104 6gi®0, 3990® 994010 
69I00I0£I6® I 00, 3009941 (Gene Technology) 
949010 ®0 69811000160 39® 6gi60,® 304 6gi60, 
39 90 9°60I®0 800I0£I9I0 60190 998 316018 
9009 08168860990 6gi90,93®g60 9910960 
98069I00I9£I6® I 
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6909 392110960 69 QW 6g00,§98g00 
91960 919499 (On) 91 91004910 ©^ 6 91069 
6030 316019 91© 1991 09*100 (Off) fflQOMI 
69696969 69 6g90,9 f f 91691 95*0 9996994 
90% 316019 §101 96999 991969 6gi90, 3169199 
60919 3109 991, 9 9 92 099 969 "^39 316919 
910991 99 6©I999I I 0060 o « 91691999999 
6994 90% 316919 §101 9989^9 9991 969 0061 
3991^ 6©9I I 69199 ^© 96999 6gi00,^9 699 
9£I60 9 §99 9991 9969 g6049 6gi00,30 9*J§ 
9991 3169,99 99199 99319 1 o.9 9196911999 
019 3£J9 6©9I I ^9 Oldl061 3q9l6\ 9l969;l6^ig 
*36949 63199, 399 (3994919 99199 1 919° 009 
60I0OI030I I 

^© 3193119 *3)191 939, 399 999 3169199 
9999 90609, 9101 69199 390199 90016360 I 

cn. §W6SG; 9ii@6§i6<3,ia (nearfield 
microscopy) 

090690 91969)16^1069 9991 09139 92 
9169195*9 99969 39^169 ^9 39 1 ® 0991 339199 
31601901 999 99I0N 1 ^3919 39910610© 
3169,999 9 §961019 1 9*1 ^9190169 I 6©69, ^©19 
69699 96610 99991 992 I 9910961^90, 999 
3169199 0909 ^69 9^6 0 919691069 391 
901919699 9091 9991 909 941019 £191 1 69M00, 
931 39469699 69$I00 3193119 §191 90109 6019 
696^9^09 3691999919 003 60691 60 39*119 
99919 9196960 919,, 019 ^9° 099 99 99§ 
9969 039 399 3169199 991969 0IUI96I 
361910610© 60 3919 99 96999 9919 0199 91© I 
^01 9969 £191 0©ldl0l 6091 399109 0©69 36949 
9969 6919^ 210199 9099 991991 1 



99699^ 999099 39 o . 9 919661169909 
3£J9 999169 9629 6019 9©©, 609999 39§0 

969 §0 99019099 I 0060^0 20199969 
3^11691061 969 0fl4 2101999 316999 989610191 
010690,3^9 9699931^ 609 ^9° 919,, 019^9° 
099 361969 000000 3£J9 3699910 6069, 09G 
60699 96169 9991 6999 91992 91691999 1 ^© 

<*-• <U- 

960 ^© 0191 3999 991019 0199 I 6969 60060 
£191 69699 09011 1 990961 §60, 063% 0996169 
0906019 3699919 31691910 9610® 3991999 
3919 1 690,96(^0 0§9 0©ld09 "^9 999391969 
‘3g9§ 69990,’ 0Q9I69 ? C C« 900169 3910 
90060 I "<101069 60 9194 90091 696\ 981101910 
090419 969 "<19° 92919 9690619 999 06060 I 

"<100 310 e o 90 0693310 9 o o& 900169 
60 ©1(341© 9900, 6909I6\ 9 9,%040,69 60196969 
^9° 600169 60 "<109 (691999) 3991^ 63109,9 
0° 00*60 31069, 01019 9 9gl 30199 000 
990190109 I "<10 30609 9000 090 6091 99910 
9 £191, 6999 606090 ^>91 § 09060 01394 £191 1 

0060 "<1 60060 910400 394 009919199 
000 90 60 "^g9l0 91^910 6gi09,9 01969100 
‘0l06OI93’(Lysosome)00§D6039§O0960 I >d0 
31691901 949010 90 ^610 3990930913 9091 
009 60911 9© ^3910 00§ (pulse) 0903910 
6990 609090 6916^ 60I6KI 3°0 Q§0 60919 
91901 1 0°94l 90 6010391 9%0 60909 0000019 
o . 9 9106019909 309 9060 360 I 36049 
Q§0 91 91^910 6g90, 300 3?§0 309100 O©60 
699, 09%060 0099 601001001 1 9 200060 
609090 gOOig 09901060 609169 ^9 909 
90990 6gi90, 30909 000 901060 I 0060 60© 
090 910010 90901 1 
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60636960 SWtf^ ^2 210103900^ 
2SJI60I061 060 651 ^0 23013160 06099 0m 
(super resolution) ‘0IQ63I03’ (Lysosome) ‘St'n^lQ 
210103 gig 6260 I ^2 ^32130 30031 3^0*60 
651 9 ooi) 032160 ‘ 3IQg’ 030160 ^0 09® 
01*1060 309 1 g0l9 960 1 

^0 309 39001 ^69 69811900190 g39ig 
961 9H92I0 00 0196019 0*160 £191 36[900 21091 
2091 0169 26J90 0000 390 002 1 9060 63060 
6019 300 3° 00 63199,900 60^91 ^9° 3§9060 
(016019060) 0196019 9910093910 203061 6 
2*199 0091339 62921 

6?8fl000l0ff0 ^0 09190191 2193110 90010 
0109 30109 2600 303HI 301*1190 0190 300 
000102 1031(0 0190 0HI033 60190 96^,961 
00 ^01 090 S !9d 30 30391 002 0101 0611910 
002 1 ( 9 ) AIDS 330191 HIV 906199960 9091960 

O’- G c*, o'- 

203910 001910 01021 («T1) 0100,30, 210,003 
(Alzheimer) 6 0^£T90,(Huntington) 609600 009 
6360,0 ~<10010061 69 19 6292, 63 999609699611 
00 ^2 3r0l00 60I9096T0 0010061 010° 33 9210 
0102 I (X) |61 0*160 6019 991000 01061010 0*1 
20*10 001010 0021 

999H060 ^2 69S1I000I000 2193110 60 
60199130 (cell biology), 26101991310 (microbiology) 
6 <31098110 (neurology) 60360 ^0 030 090 

000109 ^360 360013 3692 012 I 

■ 

'9X/9XX&, m^ttlQ,®Q6GqQ-9$?oC!no 
C-6703, 

oo# 

6FlMQ®-C'V< : n9J>e< : n9 99 



qq§ qiq6iiq€iiq mm 

OL — 1 

mm (3 Mam 

miQQ ffflfflffl® 

asii-si^iq 

091010 031 32060 ^0 9^)330 696\-0IQI3 
922M2I0 0°Q0160 ‘000,9^3 29, 931’ (Leaning 
Towerof Pisa) 6 09101 919160 ’Torre Pendente Di 
Pisa’ 6910 0210 N I ^210 23 ‘031 3200 0 0 02£0I 
01(30’, 01061 5J2 01(^13990 00 91960 0 02 ^210 
29919 903019 69I6K1 2100 « 69300 0221 ^210 
9031 000 (?To 00) (3 009210160 ^210 

696000 9HI3 060 (« 9 90) N20 3^1 0060 

02^91 010° 060 9 C 9°0H0 01210 2300 00910 
009 I ^2 01210900 91(510 9360 9360 30^900 
2100 600 001 90 ^0 (0S0I0I0 91 spiral) 

0210 0010102 I 6303 69^60, ^21 010 2100201 
961^ ^0 01(^13 1 09 ^210 3210 0091 010° 910 9 9 T 
99 019301 1 ^210 00161 0I0H ? 9 9T1 032160 2103 
6201 1 3210 30 0201 32103001 060 6991901 000 
019 010° 01(3100 6919'd 010 309 990102 I 6061, 
3ia?oo06 90° 90161 0I9H 392 00901 1 ?99# 
032160 061 00161 0I9H 2103 6201 1 3 30 o 3 0321 
6909 01(3100 22 0201 334 6201 1 210 0201 6 m 
01(313 334 6291 010° 21^0 #o 00 01901 1 2213,, 
?Tl«o 032160 010 031 01(313334 62011 3399 
^2 01(310023010 903010 319 9 00000 2*10 
2*J0 009160 002 I 

001010 031 320 6292 9^g30 0913 981101 
9006 90000 ®3S01 1 9^:9# 6021 60 s 9901 9 « 
310060 63 632 32060 0^3261 90^60 I 0010 
990 963H0 006119 6981190 9^601610991000910 

cC oC G oC • cC 

90 0193601 0100^2 9^60161 032160 

0^910 39330 9091961 92 9999 0691 909 320H 
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908101 I 9I00G GIST 9190910 9060 8609 000 
9939 816019010 9001929 I 63 981100 ^91819 
0090 3049 gfllSI 0W 6019® 3*|616 9 Q3£I30 
9029 I 6320Q ^9 0090 3019 ^2 331 6^161 
321006063 gnisi 968910 920 Kl I 60060606960 
9 9a 339600001993101(3161981 960, 6100G®Q 
639 061061 9811 99 9999 ^98 830 M I 

? «r 9 0321036611 1 9100® 63606960 9 <fi 
99 62IQ8M I 63 931 9^99410069 999 8*1109 
969 9104 90818191 63 d96)£ 39 99199 99 
919919 91969 69 90® 900 009 6131969 900 
99° 20°9I 919° 99919 399 999 G99 9969 999 
969 I 638169 810^6® 69^6969 83010 G999 
999 909 3919 99919 ^9 3969 999 991969 
G908I 90038606 91991 909 9 ’969 999 299 I 
8IOT6®^ 081919 0210,6981109 9811 91999 9169 
969991 90I0M I 9199 9811 6999 919 8191 1 99, 
9I00G 8169 981919 39£80 31931 94®, 0^9 909 
9991 399 9969 8IOT061®0 99691® 9849 99, 
690 9969 I 6069 98199 8138191 999 9I00G®0 
^0 9819 9^9941000 8699 8*1199 0I®9 6)904 
6919 9069 I 6069 999 0®9 09, 39199 9991 
9I9°9I99G 9319 639 91(^161999 99191 9991 919° 
00^969 1 6381919 6309 993181961, 8*119999 G 
216^101® 90261 969 I 

91996 9IQI619 3^0 0299 09019 691061 
e o o 9IQS, G 819 69169 69 0IQ<3,0 (69 0IQ<3,0 
88 gPQ 899 99,699 299 819 9060 0060 
681969 1 6199G®0 669 91049010 69$ 69606919 
90<SI0 309 291 6019819, 819 69699 919 99013 
999169 919819 I 90 88191° 61 919816960 6019101 
e r O o 999 639 8196119 9® 39199 99 9 919 
91969 309 219699 I 39099 9199169 94689 
0699 9I99G 999919 99,9 69 3969 909 
96396969 I 8161049 981, 90, 9901 69 30969 
9969 0991 1 90 90 90*9 908ISgl9l 819^0099 
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